Abstract. Future Internet consists of a wide spectrum of applications with different bit rates and quality of service (QoS) requirements. Prioritizing the services is essential to ensure that the delivery of information is at its best. Existing technologies have demonstrated how service differentiation techniques can be implemented in optical networks using data link and network layer operations. However, a physical layer approach can further improve system performance at a prescribed received signal quality by applying control at the bit level. This paper proposes a coding algorithm to support optical domain service differentiation using spectral amplitude coding techniques within an optical code division multiple access (OCDMA) scenario. A particular user or service has a varying weight applied to obtain the desired signal quality. The properties of the new code are compared with other OCDMA codes proposed for service differentiation. In addition, a mathematical model is developed for performance evaluation of the proposed code using two different detection techniques, namely direct decoding and complementary subtraction.
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Introduction
The continuous growth of demand for high-speed communications and media-rich content such as video streaming, voice-over-IP, and online gaming has caused a dramatic increase in data traffic. To accommodate this increasing bandwidth demand, service providers have employed optical multiplexing techniques in both long-haul and metropolitan optical networks to take advantage of the enormous amounts of bandwidth provided by optical fiber. The use of optical codedivision multiple access (OCDMA) has been considered as a promising solution to support the growing demand of data traffic in optical access networks 1, 2 and also as the optical label in optical packet and burst switching networks. 3, 4 Compared with conventional techniques, OCDMA offers a number of unique advantages such as asynchronous access and a flexible number of users, providing quality of service (QoS) at the physical layer and enhanced security. OCDMA systems have also received attention in optical sensor networks, 5, 6 free space optical communication, 7, 8 and last mile access. 9 OCDMA as a mean of differentiating services received its first attention from Ref. 10 when the code weight of optical orthogonal code (OOC) sequences was exploited to support multiple service requirements. Since then, many techniques have been proposed to provide multiple bit rates and QoS utilizing 1-D 11, 12 and 2-D 13 OCDMA codes. Service differentiation using multilevel OCDMA was later achieved by means of controlling the users' signal power. 14 Code sequences in OCDMA are varied by length, 15 weight, 11, 16 or both length and weight 13, 17 to differentiate the performance of a particular user or service. Code length is varied to support multiple bit rate applications, with shorter length codes having higher priority due to their ability to support higher bit rate applications. 18 Variation of code weight is performed to meet different QoS requirements, normally characterized by different bit error rate (BER) performances. 11 QoS differentiation has also been achieved using fixed weight but varying the number of users in the basic matrix. 19, 20 In variable weight OCDMA (VW-OCDMA), higher weight codes give better signal quality due to more wavelengths being assigned to a particular user or service. 21 Among the developed VW-codes, the majority manipulate the properties of incoherent OOC. 11, 22, 23 Different methods are used, such as balanced incomplete block design (BIBD), 10 pairwise balanced design, 24 packing design with a partition, 25 mark position difference, 26 and the distinct sets/random search approach 16 to create variable-weight-OOC. Service differentiation using Khazani-Syed (KS) code was achieved using a fixed mapping algorithm where each sequence is devoted to different services. 21 This technique can efficiently utilize all available bandwidth to construct variable weight codes only if the number of requesting users having the same weight is equal to the maximum generated users. Otherwise, some portion of the bandwidth might be left unused and result in an increased code length. QoS differentiation using spectral amplitude OCDMA (SAC-OCDMA) systems for multimedia application has been experimentally demonstrated. 27, 28 This paper proposes a VW-KS coding scheme, namely dynamic weight assignment and hybrid fixed-dynamic weight assignment, to support users with different QoS requirements with optimized code length. The following sections describe the code construction process, mathematical analysis of the developed code, and its performance evaluation.
2 Design and Development of VW-KS Code VW-KS code is an enhanced version of the existing single weight KS 29 to allow users of different weights or priorities to coexist in a single system while maintaining the crosscorrelation value of one.
The KS code is a unified version of double weight (DW) and enhanced double weight (EDW) codes 30 and is based on matrix construction. The basic matrix is an arrangement of its two subcodes, A ¼ ½ 1 1 0 and B ¼ ½ 0 1 1, in their code family. This is carried out in such a way that the resulting cross correlation R between each pair of users is less than one (R < 1). This ideal cross-correlation property reduces multiple access interference (MAI) effects. It is important to maintain the ½ 1 2 1 combination for every three columns to preserve the cross correlation of one in the constructed codes, as illustrated in Fig. 1 . The extension of the number of users is obtained using a mapping technique from the basic matrix. The cross correlation between two codes within different mapping sequences is zero. Four parameters used in the code development are defined as code weight W, number of mapping sequences M, number of users K, and code length N.
VW-KS code allows the weight to be chosen independently based on the required signal quality, where a higher weight indicates a higher priority of transmission.
In the fixed mapping technique, a number of supportable users of a specific weight are first determined to generate enough codes. These generated codes of specific weights will later be mapped together to form a set of codes with variable weights. The code construction follows the single weight KS code. The general form of the constructed variable weight code C V is shown in Fig. 2 .
C W q ;M q is the specific group of codes generated from the q'th weight and mapping, and Q is the number of different weights in a system with q ¼ 1;2; : : : ; Q. The matrix size of each 0 is the same as C W q ;M q matrix size. The code length of VW-KS for the fixed mapping technique is given by E Q -T A R G E T ; t e m p : i n t r a l i n k -; e 0 0 1 ; 6 3 ; 2 3 5 N V ¼
N q denotes the code length of the number of active users K q for a specific code weight W q .
Dynamic Weight Assignment
Dynamic weight assignment reduces the code length N V by arranging the codes according to subcodes A ¼ ½ 1 1 0 and B ¼ ½ 0 1 1. In this technique, two important parameters are used to determine the position of subcode insertion. They are the values of 3-column combination (3CC) and cross correlation between two different users x and y, i.e., R x;y . Figure 3 shows an example of KS codes with an illustration of 3CC and R x;y values.
The following steps explain how variable weight codes are constructed using a dynamic weight assignment technique.
Step 1. For the first row, arrange subcodes A of the largest weight users until the desired weight is achieved. Example 1 demonstrates the construction of six codewords with different weights using dynamic weight assignment. Example 1. Variable codes are to be generated for six users with three users of weight 6, two users of weight 4, and one user of weight 2. The code construction steps are demonstrated in Fig. 4 and complete codes are shown in Fig. 4 (e).
It can be seen in Fig. 4 (e) that the constructed codes utilized all available bandwidth and the ½ 1 2 1 combination is maintained throughout the constructed variable weight codes. With a fixed mapping technique, the total length of code is 27, while the code length is reduced to 21 in dynamic weight assignment. By using the total number of chip "ones" within the constructed codes, which is given by E Q -T A R G E T ; t e m p : i n t r a l i n k -; e 0 0 2 ; 6 3 ; 4 3 3 N V ¼
the code length for the dynamic weight assignment technique can be defined as E Q -T A R G E T ; t e m p : i n t r a l i n k -; e 0 0 3 ; 6 3 ;
In Eq. (2), N R¼0 is equivalent to the code length if no overlapped chip is allowed among the codes (R ¼ 0). However, VW-KS code allows a maximum cross correlation of one (R ≤ 1) and always preserves the ½ 1 2 1 combination throughout the constructed codes. Therefore, one fourth of the code length in Eq. (2) can be reduced, which results in a reduction as seen in Eq. (3).
Hybrid Fixed-Dynamic Weight Assignment
It had been demonstrated that a fixed mapping technique is always the best choice for VW-KS codes 21 only if the number of requesting users having the same weight is equal to the maximum number of users for that particular mapping, K W ¼ K max ðMÞ. In the case of K W < K max ðMÞ, a dynamic weight assignment technique can better utilize the bandwidth, provided that the number of mappings is one; i.e., M ¼ 1 (as in Example 1). However, for M > 1, a combination of both techniques results in better bandwidth utilization.
In this hybrid technique, it is important to determine the number of maximum users in the previous mapping K max ðM − 1Þ. For the large number of requesting users K W , where the number of mapping is greater than one (M > 1), the fixed mapping technique is the best choice for users up to K max ðM − 1Þ, while for the remaining users K r ¼ K W − K max ðM − 1Þ, their codes can be constructed using dynamic weight assignment. The codes of different weights, generated using fixed mapping for 1 ≤ K W ≤ K max ðM − 1Þ, are appended diagonally and later combined with codes for remaining users K r generated using the dynamic weight assignment technique. The general form of the hybrid fixed-dynamic weight assignment technique is depicted in Fig. 5 and its code length is derived from Eqs. (1) and (3), which is given by E Q -T A R G E T ; t e m p : i n t r a l i n k -; e 0 0 4 ; 3 2 6 ; 3 5 6
Code Evaluation and Comparison
The cross-correlation property of any given OCDMA code is a key performance measure, as it indicates MAI cancellation ability of a particular code. In the proposed VW-KS embodiment, codes are classified into Q different code weights with the same code length N V . Hence, MAI at a user node can be caused by cross correlation between other users with any code weights. In order to demonstrate the cross-correlation property of VW-KS, a code analysis similar to Refs. 16, 19, and 31 is performed. Let Q be the different code weights in a system with W 1 > · · · > W q · · · > W Q , and the number of users in the q'th code weights is K Q q . The code sets can be represented by C ¼ fC W 1 ; C W 2 ; : : : ; C W q ; : : : ; C W Q g, where C W Q is the set of codes of a particular code weight q. The exact value of the maximum cross-correlation property of VW-KS code can be expressed as E Q -T A R G E T ; t e m p : i n t r a l i n k -; e 0 0 5 ; 6 3 ; 6 5 3 R ¼ 2 6 6 6 4
where R W q ;W q 0 is the correlation value between code weights W q and W q 0 , where q; q 0 ϵf1; : : : ; Qg. Intraweight correlation occurs when q ¼ q 0 , i.e., cross correlation between two codes of the same code weight. Meanwhile, interweight correlation is present when q ≠ q 0 , which is the cross correlation between two codes of different code weights. These properties are demonstrated in Fig. 6 .
It can be concluded that the proposed code construction technique, hybrid fixed-dynamic mapping, is the best technique between the VW-KS codes due to shorter code length N V . Nevertheless, if the number of requesting users having the same weight is equal to the maximum users K max , then fixed mapping automatically applies for the specific user group. Since the mapping number of each weight is greater than one, the intraweight correlation can be either 0 or 1. The interweight correlation is also either 0 or 1 due to the code design. Hence, the correlation constraint for the constructed codes is E Q -T A R G E T ; t e m p : i n t r a l i n k -; e 0 0 6 ; 6 3 ; 3 7 8 R ¼ 2 6 6 4 f0;1g f0;1g f0;1g f0;1g f0;1g f0;1g f0;1g f0;1g f0;1g f0;1g f0;1g f0;1g f0;1g f0;1g f0;1g f0;1g
For comparison purposes, three other codes are evaluated in terms of their code properties including cross-correlation value, code length, number of supportable users, and number of different code weights. The three codes are VW-OOC, 16 integer lattice OOC (IL-OOC), 11 and multiple weight random diagonal (MW-RD) 32 code. Table 1 shows the code property comparison of these codes with VW-KS.
The four variable weight codes in Table 1 are chosen to support 50 users of 4 different code weights. It is shown that VW-OOC has a very long code length, which is not desirable in OCDMA code design, but has the ideal R max of one. IL-OOC and MW-RD have the shortest code length; however, their R max values can reach as high as seven and five, respectively, which might lead to poor MAI cancellation during photodetection. Even though the proposed VW-KS has a longer code length than IL-OOC and MW-RD, R max is maintained at one, as detailed in Eq. (6).
Theoretical System Analysis
This section discusses the major performance degradation factors in SAC-OCDMA, MAI, and photodetection noise. The VW-KS system is mathematically modeled in the context of two different detection schemes: conventional complementary subtraction (CS) with balanced detection 31, 33 and the direct decoding (DD) scheme. 34, 35 The architecture of a VW-SAC-OCDMA system for k users with code weight of W is depicted in Fig. 7 . For simplification purposes, only a transmitter and receiver pair is shown in this figure. At the transmitter side, power from a broadband source spectrum is split among K users. A series of fiber Bragg gratings (FBGs) filter different wavelengths of λ 1 ; : : : ; λ W from the spectrum to form the different signature codes with weight of W. Due to VW-KS code being double weighted, the two wavelengths can be generated by one filter with bandwidth twice the chip spacing. With a properly written OCDMA coding pattern, the reflected light field from an FBG will be spectrally encoded onto an address code denoted by code vector C K ¼ ðc k;1 ; c k;1 ; : : : ; c k;N Þ, where N is the code length and c k;i ∈ f0;1g with 1 ≤ i ≤ N is the i'th chip value of the k'th user's code. Users' binary data are then modulated, formed as nonreturn-to-zero signal to the optical carrier. Modulated signals from all users are then combined using a power combiner and transmitted over the optical medium. In this system, each transmitter broadcasts its spectrum-encoded signal to all the receivers in the network. Hence, the received signal spectrum is a sum of all the active users' transmitted signals.
At the receiver part, either DD or CS detection techniques may be applied to extract the desired data for each user. Each technique will be discussed in detail. The original data can be recovered after passing through the low-pass filter and threshold detector at the receiver block.
Analysis of VW-KS
In the mathematical analysis of VW-KS code, phase-induced intensity noise (PIIN) and shot and thermal noises are taken Fig. 6 Cross-correlation code analysis for VW-KS. into account. This model assumes an incoherent broadband thermal source. The noise variance of a photocurrent due to the detection of an ideally unpolarized thermal light, which is generated by spontaneous emission, can be expressed as 2 E Q -T A R G E T ; t e m p : i n t r a l i n k -; e 0 0 7 ; 6 3 ; 5 0 0 hI 2 i ¼ hI
where I shot denotes the shot noise, I PIIN represents the PIIN, and I thermal is thermal noise. The coherence time of the thermal source τ c is given by 33 E Q -T A R G E T ; t e m p : i n t r a l i n k -; e 0 0 8 ; 6 3 ; 4 3 5 τ c ¼
where GðvÞ is the source power spectral density (PSD). An ideal SAC-OCDMA system is assumed with ideally flat source spectra over the bandwidth Δv and an ideal rectangular spectrum of each chip. This analysis is made with the following assumptions: 21, 33, 35 a. The light source spectra are ideally unpolarized and its spectrum is flat over the bandwidth ½v 0 − Δv∕2 þ Δv∕2, where v 0 is the optical center frequency and Δv is the bandwidth of the optical source in hertz. b. Each power spectral component has identical spectral width. c. Each user has equal power at the receiver. d. Each bit stream from each user is synchronized.
The PSD of the received signals can be written as 31 E Q -T A R G E T ; t e m p : i n t r a l i n k -; e 0 0 9 ; 6 3 ; 1 9 4 rðvÞ ¼ P sr Δv
where P sr is the effective power of the broadband source at the receiver; K and N are the number of users and code length, respectively; d k is the information bit of the k'th active user, which is either "1" or "0" (d k ϵ0;1); and c k ðiÞ is the i'th element of the k'th KS code sequence. ΠðiÞ is a function defined as E Q -T A R G E T ; t e m p : i n t r a l i n k -; e 0 1 0 ; 3 2 6 ; 5 4 4
and u½v is the unit step function expressed as E Q -T A R G E T ; t e m p : i n t r a l i n k -; e 0 1 1 ; 3 2 6 ; 4 3 9
The following subsections expand the analysis with respect to two different detection schemes, CS and DD.
Complementary subtraction
This technique requires two decoders at a single receiver. The upper decoder has the same structure as the encoder at the transmitter side, whereas the lower decoder is the complement of the upper decoder. The decoded signals are then detected by a balanced receiver that performs MAI cancellation. Let the incoming signal at the receiver be E Q -T A R G E T ; t e m p : i n t r a l i n k -; e 0 1 2 ; 3 2 6 ; 2 7 9 SðλÞ ¼ xðλÞ þ yðλÞ;
where xðλÞ is the desired signal and yðλÞ is the interferer. The upper and lower decoder detects the desired code xðλÞ and its complementxðλÞ, respectively. The structure of CS is shown in Fig. 8 . In the CS technique, it is assumed that the transmitted light for the desired user and its complement are incident on the upper and lower photodetectors, respectively. The correlation properties of the VW-KS code based on CS detection scheme users can be written as E Q -T A R G E T ; t e m p : i n t r a l i n k -; e 0 1 3 ; 6 3 ; 7 1 9
and E Q -T A R G E T ; t e m p : i n t r a l i n k -; e 0 1 4 ; 6 3 ; 6 5 4
These properties hold for a VW-KS system with a hybrid fixed-dynamic coding technique that gives an optimum performance compared to other proposed techniques. In order to attain proper cancellation of MAI, the complement cross correlation P N i¼1 c k ðiÞc l ðiÞ needs to be multiplied by 1∕W k − 1. This is because the weight of the complement signal [Eq. (14)] is 1∕W k − 1 times the actual signal [Eq. (13)] when c k is different from c l .
Therefore, the subtraction can be written as E Q -T A R G E T ; t e m p : i n t r a l i n k -; e 0 1 5 ; 6 3 ; 5 0 6
Equation (15) shows that MAI can be eliminated completely between two different users (k ≠ l) regardless of their unequal weights. PSDs of the upper and lower photodetectors D 1 and D 2 can be written as E Q -T A R G E T ; t e m p : i n t r a l i n k -; e 0 1 6 ; 6 3 ; 3 6 7 G 1 ðvÞ ¼
and E Q -T A R G E T ; t e m p : i n t r a l i n k -; e 0 1 7 ; 6 3 ; 3 1 0
respectively. Integrating the PSDs in Eqs. (16) and (17), the total power incident at the upper photodetector D 1 is E Q -T A R G E T ; t e m p : i n t r a l i n k -; e 0 1 8 ; 6 3 ; 2 1 9
and total power at the lower photodetector D 2 is E Q -T A R G E T ; t e m p : i n t r a l i n k -; e 0 1 9 ; 6 3 ; 1 5 1
Let I 1 and I 2 be the photocurrent at D 1 and D 2 , respectively. Consequently, the signal from the desired user denoted by the photocurrent I can be expressed as E Q -T A R G E T ; t e m p : i n t r a l i n k -; e 0 2 0 ; 3 2 6 ; 7 5 2
where R ¼ ηe∕hv is the photodiode responsivity, η is the quantum efficiency, e is the electron charge, h is Planck's constant, and v is the central frequency of the optical source's spectra. k in Eq. (20) represents the desired user with respect to the occurrence of other users of different weights. Users of different weights are denoted by q ¼ 1;2; : : : ; Q, where Q is the total number of different weights in the system and N v is the code length of variable weight users. The variance of the shot noise in the photocurrent can be expressed as E Q -T A R G E T ; t e m p : i n t r a l i n k -; e 0 2 1 ; 3 2 6 ; 5 7 1
where B is half the bit rate and denotes the noise-equivalent electrical bandwidth of the receiver. In order to calculate the variance of PIIN, the mean squared power of both photodetectors D 1 and D 2 is first obtained by integrating G 2 1 ðvÞ and G 2 2 ðvÞ, such as 33, 35, 36 E Q -T A R G E T ; t e m p : i n t r a l i n k -; e 0 2 2 ; 3 2 6 ; 4 2 2
and E Q -T A R G E T ; t e m p : i n t r a l i n k -; e 0 2 3 ; 3 2 6 ; 3 2 5
Using a similar method as Refs. 35 and 36 and the approximation 37 the variance of PIIN can be written as E Q -T A R G E T ; t e m p : i n t r a l i n k -; e 0 2 4 ; 3 2 6 ; 1 9 0
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Noting that the probability of sending bit "1" at any time for each user is 1∕2, the SNR of a VW-KS system using the CS technique can be written as E Q -T A R G E T ; t e m p : i n t r a l i n k -; e 0 2 6 ; 6 3 ; 6 6 5 SNR k ¼
Therefore, using Gaussian approximation, the probability of error for users of a particular weight of interest W k of a multiple weight system, P e;k is given by 36 E Q -T A R G E T ; t e m p : i n t r a l i n k -; e 0 2 7 ; 6 3 ; 5 3 3 P e k ¼ 1 2 erfc
Direct decoding
The DD scheme is proposed for the KS code 21, 29, 35 and its code family; 34 however, it is also applicable to other SACbased codes with nonoverlapping spectra such as modified quadratic congruence and modified frequency hopping codes. 31 In DD, only the nonoverlapped spectra are detected, thus MAI is avoided completely and so differs from CS, where all the spectra are detected including the overlapping spectra for further cancellation. This technique requires only a single decoder and photodetector at the receiver side, which reduces the number of filters of the system as well as the receiver complexity. Assuming the same incoming signal as Eq. (12), the decoder of the DD scheme detects the desired signal xðλÞ without the overlapped spectra xðλÞ ∩ yðλÞ. Therefore, the decoded signal is represented by xðλÞ − ½xðλÞ ∩ yðλÞ. The DD detection scheme is depicted in Fig. 9 .
The code properties for the KS code using this technique can be written as 35 E Q -T A R G E T ; t e m p : i n t r a l i n k -; e 0 2 8 ; 6 3 ; 2 8 3
The property in Eq. (28) holds between users of any code weight since this technique filters only the nonoverlapping wavelength, which is always half the desired user's initial code weight (W k ∕2). In this technique, the PSD at the input of the photodetector can be written as G dd ðvÞ, which can be expressed as E Q -T A R G E T ; t e m p : i n t r a l i n k -; e 0 2 9 ; 3 2 6 ; 7 3 0
Thus, the photocurrent of the desired user's signal is given by E Q -T A R G E T ; t e m p : i n t r a l i n k -; e 0 3 0 ; 3 2 6 ; 6 5 9
Since only the nonoverlapping spectra are filtered for the DD technique, PIIN is negligible. 34, 35 PIIN occurs only when more than one optical signal is incident on the photodetector surface. 38 Therefore, the total noise of the DD scheme is only the summation of shot noise and thermal noise, such as E Q -T A R G E T ; t e m p : i n t r a l i n k -; e 0 3 1 ; 3 2 6 ; 5 6 0
Noting that the probability of sending bit "1" at any time for each user is 1∕2, the SNR of a VW-KS system deploying the DD technique can be expressed as E Q -T A R G E T ; t e m p : i n t r a l i n k -; e 0 3 2 ; 3 2 6 ; 4 7 0
The probability of error is calculated the same way as in Eq. (27) using Gaussian approximation.
Theoretical Results and Discussion
The parameters used in the analysis are listed in Table 2 . These parameters were chosen to provide a fair comparison with other published works. 31, 33, 35 Fig . 9 Scheme of DD detection. 10(b) show the performance of systems deploying CS and DD against the total number of active users, respectively. Five different weights (i.e., 10, 8, 6, 4, and 2) are chosen to demonstrate the QoS differentiation using VW-KS code. Each weight has almost the same quota of total number of users. A combination of different weights can be utilized to meet the requirements of various applications in a metro network that ranges from 10 −3 (e.g., voice services) to 10 −12 (e.g., video broadcasting), considering the total existing number of users in the network. Based on the system requirements (desired QoS for applications), different sets of weights may be selected. It should be considered that in this analysis, the number of existing users in each weight group is equal; otherwise, the results may change slightly, especially when the number of users with higher weights is greater than the number of users with lower weights. This is because of increasing MAI, which is caused by higher overall code length.
In order to compare the system performance for two different detection techniques, three weights (i.e., 8, 6 , and 4) representing three different services are used. Figure 11 shows the probability of error for users against total active users up to 200. When the number of users is increased, the parameter N 2 v dramatically increases, which results in reduction of SNR and subsequently BER of users. In general, DD has better performance than CS, especially when the number of active users is small. It can be seen that the elimination of MAI is stronger in the DD technique. This is more striking for the system mainly at lower weights, where less power is received in the photo detector and MAI and noise ratio have much more of an effect on QoS. However, as the number of active users increases, its weak autocorrelation property (W k ∕2) compared to W k in CS has results in more performance degradation than CS. Figure 12 shows the probability of error versus the effective received power for a VW-KS system using the CS scheme when the total number of active users is 30. It can be seen that when P sr is high (P sr > −6 dBm), the effect of shot and thermal noise is negligibly small compared to PIIN, which is the main limitation factor of the system performance. However, when P sr is low (P sr < −6 dBm), the PIIN effect is minimal and thermal noise becomes the main factor in the performance degradation. It is also shown that thermal noise is more significant than shot noise. The P e of large weight users saturates at 10 −14 at −5 dBm, which is better than users of smaller weights, where P e of weight 4 and 2 saturates at 10 −7 and 10 −3 , with P sr equal to −6 and −8 dBm, respectively. The probability of error versus the effective received power for a system using the DD scheme is depicted in Fig. 13 , with 30 active users. Only the effects of shot and thermal noise are considered since PIIN is assumed to be negligible due to the detection of nonoverlapping wavelengths. It can be seen that thermal noise is more influential and is the main factor of performance degradation compared to shot noise. DD gives a better error probability than CS due to the absence of PIIN at the photodetector's surface. At P e ¼ 10 −9 , when both shot and thermal noise are considered, small weight users have a power penalty of −3 and −5 dB against the medium and large weight users, respectively.
Conclusions
This paper has presented a proposed code, hybrid fixeddynamic VW-KS, to support differentiating services directly in the optical domain using the SAC-OCDMA technique. The code length of the proposed code is optimized compared to its basis, i.e., the fixed mapping technique. The code design and properties have been elaborated upon, with code properties evaluated against other similar codes, VW-OOC, IL-OOC, and MW-RD. It has been proven that our proposed code maintains an ideal cross correlation of one while maintaining a tolerable code length in comparison with the other three codes. Mathematical analysis of VW-KS code in terms of MAI and photodetection noise had been presented with respect to different detection schemes and optical sources. Fig. 12 Probability of error against effective received power P sr of system with CS scheme, considering different noise contributions with number of active users is 30. Fig. 13 Probability of error against effective received power P sr of system with DD scheme, considering different noise contributions with number of active users is 30.
